A new oxidation process has been found where α,ω-dicarboxylic acid esters and ω-hydroxycarboxylic acid esters are formed on heating gem-bishydroperoxides in alcohol in the presence of BF 3 ·Et 2 O. By addition of H 2 O 2 to this reaction α,ω-dicarboxylic acid esters are formed almost selectively.
Introduction
In recent years, interest in organic gem-bishydroperoxides has increased sharply with respect to the cyclic peroxides possessing high antimalarial activity [1] [2] [3] [4] [5] [6] [7] [8] [9] . Previously we reported a new effective method for the synthesis of gem-bishydroperoxides based on a reaction of ketals with hydrogen peroxide catalyzed by boron trifluoride complexes [10] . This methodology has readily made these compounds accessible and has opened an opportunity for their wider use in organic synthesis. Presently, the chemistry for the use's of gem-bishydroperoxides has been insufficiently studied. Furthermore these substances possess a high content of active oxygen not being used in oxidation processes.
Results and discussion
In this paper we report a new oxidation process where gem-bishydroperoxides 1, 4, 7, 10 are transformed into α,ω-dicarboxylic acid esters 2, 5, 8, 11 and ω-hydroxycarboxylic acid esters 3, 6, 9, 12. This transformation proceeds by refluxing the gem-bishydroperoxide in alcohol with BF 3 ·Et 2 O (Scheme 1). The reaction is of further interest since the BF 3 ·Et 2 O complex has also been used for the synthesis of gem-bishydroperoxides in Et 2 O as solvent. An important feature of the transformation of gem-bishydroperoxides into α,ω-dicarboxylic acid esters and ω-hydroxycarboxylic acid esters is that in accordance with the reaction stoichiometry the preparation of α,ω-dicarboxylic acid esters 2, 5, 8, 11 cannot simply be a monomolecular reaction. The synthesis of these esters from bishydroperoxides 1, 4, 7, 10 demands an additional atom of oxygen plausibly donated by a second molecule of bishydroperoxide via intermolecular transfer (Scheme 2).
Scheme 2 α,ω-Dicarboxylic acid esters synthesis via transfer of active oxygen.
A number of the experiments have shown, that the yields of α,ω-dicarboxylic acid esters 2, 5, 8, 11 and ω-hydroxycarboxylic acid esters 3, 6, 9, 12 are comparable with each other (Table 1 ). In the reaction mechanism, one molecule of bishydroperoxide is a donor of active oxygen, and the other molecule is an acceptor. The ω-hydroxycarboxylic acid esters 3, 6, 9, 12 are probably formed as the result of a Baeyer-Villiger rearrangement. The requirement for this rearrangement is that the molecule contains only one O-O fragment.
Consequently, the bishydroperoxide must undergo transformation into the monoperoxide with a loss of oxygen before a Baeyer-Villiger rearrangement is possible in this reaction.
The mechanism for the synthesis of α,ω-dicarboxylic acid esters 2, 5, 8, 11 is probably similar to the mechanism suggested earlier [11] and differs mainly in that the obtained acids are esterified during the reaction. The results from Table 1 show that the major factors influencing the yields of esters are BF 3 ·Et 2 O concentration and the ring size of gem-bishydroperoxide. The ester yields increased slightly with increasing BF 3 ·Et 2 O concentration and ring size. In reaction run 8, which was carried out in the absence of BF 3 ·Et 2 O, esters 2c and 3c yields were approximately halved in comparison with other experiments with bishydroperoxide 1 (run 7). The maximum total yield of esters 11b+12b (82 %) for run 12 was observed in the transformation of 1,1-bishydroperoxicyclododecane (10) in propanol.
A number of experiments were carried out with the addition of 5 eqv H 2 O 2 with the purpose of studying the influence of an additional oxidizer on the ratio and yields of the esters (Table 2) .
This resulted in the dibutylalkanedioats being the main products, where yields were 72-84 % and the formation of butyl ω-hydroxyalkanoats was almost completely suppressed; yields were less than 7 %.
Thus, in this study a new transformation of gem-bishydroperoxides is reported. The [12] . Solvents: petroleum ether, diethyl ether, ethanol, propanol and butanol were distilled before use.
Acetals for synthesis of bishydroperoxides were prepared in accordance with [11] . Bishydroperoxides 1, 4, 7, 10 were prepared in accordance with [10] .
CAUTION. Bishydroperoxides 1, 4 are shock and friction sensitive and consequently should be handled with care. These compounds are decomposed explosively on heating to 100 • C and above. 
General procedure for α,ω-dicarboxylic

